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INTRODUCTION
Narrative:

Subject: Increasing numbers of breast cancer survivors are at risk for long-term sequelae from
treatment. Axillary surgery or radiation therapy to the breast may alter lymph channels, leaving
the survivor with a lifetime risk for developing lymphedema. Lymphedema is a swelling of the
upper extremity, which causes pain, debility, and reduced quality of life (QOL) that impacts
choices about work, social and sexual interactions and self-esteem. Protective measures to reduce
the risk of lymphedema become important life-long skills. However, there is inconsistent
teaching of protective measures and inattention to lymphedema detection in clinical practice.
Purpose: The purpose of this study is to test that structured perioperative training in
lymphedema protection will decrease lymphedema, the episodes of infection, the time to
detection of lymphedema and improve the QOL in patients undergoing axillary dissection and/or
radiation therapy for breast cancer as compared to a control group.

Scope: The specific aims are 1) what is the incidence of lymphedema and infection during the
first three years after surgery among breast cancer patients who received perioperative training in
lymphedema protection as compared to a control group? 2) What are the differences in the,
measured QOL among breast cancer patients during the first three years after surgery that
received perioperative education in lymphedema protection as compared to a control group? 3)
What are the retention of information on lymphedema protection, and the compliance with arm
precautions among breast cancer patients who received perioperative lymphedema training as
compared to a control group?

Methods: Patients with resectable breast cancer also undergoing axillary lymph node surgery
and/or radiation therapy to the breast will be prospectively randomized to two groups. In
addition to receiving standard care (i.e., written breast rehabilitation materials and preoperative
counseling by the breast surgeon), patients in Group 1, will receive structured education in
Breast Surgery Rehabilitation including range of motion exercises, lymphedema arm
precautions, and management of complications. Patients in Group 2 will receive standard care
(written material and preoperative counseling by the surgeon). For both groups, preoperative and
then quarterly volume measurements and exams of the upper extremities will be done for three
years after surgery in order to determine lymphedema and infection incidence. The QOL will be
measured longitudinally by the Functional Assessment of Cancer Therapy-Breast (FACT-B) and
the Medical Outcome Study Short Form Health Survey (MOS SF-36) and sexuality subscales of
Cancer Rehabilitation Evaluation System (CARES). The knowledge of and practice of
lymphedema protective skills will be measured by periodic testing longitudinally as well.
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Part1: Response to Reviewer's comments from Year IV report:

There were no issues to address. The report was accepted and there were no
technical issues.

Part 2: Research accomplishments associated with each task outlined in the
approved Statement of Work. Therefore, the Year V report is cuamulative
through 8/5/05

(Tables and Figures are clustered after Statement of Work summary)

Task 1. Start-up, Months 1-2.
This was completely accomplished in 2000.

Task 2. Introduce study to physicians, nurses and clerks in clinics, Months 1-2.
This was completely accomplished in 2000.

Task 3. Subject recruitment and data collection, Months 3-60.
This was completely accomplished.

For the determination of LE and infection rates (Specific Aim 1) in this clinical trial of
perioperative education, we report on 163 evaluable participants which meets the goal of at least
158-179 evaluable participants. The analyses of changes in quality of life (QOL) (Specific Aim
2) and determination of knowledge and compliance with LE protection measures (Spe01ﬁc Aim
3) are also based upon this study population.

Task 4. Perioperative teaching sessions, Months 3-27.
This was completely accomplished for all participants in the intervention group.

Annual Report IV(Appendix Item #1) from last year showed compliance with this item and will
not be repeated in this report.
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Body Part2 Research Accomplishments associated with each task in Statement of Work
(continued)

Task 5. Quarterly measurements of subjects, Months 6-60.

A majority of subjects have completed the 3 year followup. Some require a few
- more measurements which will be accomplished through a no-cost extension approved through
8/06.  From last year’s report (Appendix Item #3), we showed the measurement data in
centimeters at multiple standardized sites along both upper extremities. If a patient was unable to
complete a quarterly measurement, we saw them at the next opportunity.

Task 6. QOL questionnaires at 6 months, 1-, 2-, and 3-years postop, Months 9-60.
A majority of subjects have completed the 3-year followup QOL questionnaires.

Task 7. Booster training session for Group 1 subjects, Months 9-33.
This was completed for all participants in the intervention group. The list was
supplied last year (Appendix Item # 2) and will not be duplicated this year.

Task 8. Knowledge and compliance questionnaires, Months 9-60.
A majority of subjects have completed the 3-year followup Knowledge and
Compliance questionnaires.

Task 9. Calculations of limb volumes and comparison of differences, Months 3-60.
A majority of subjects have completed the 3-year followup.
Weekly report sheets are created and reviewed which show cumulative data:
a) volume changes
b) >1cm measurement changes
¢) symptoms
All subjects with >10% volume change, >1cm measurement change and/or persistent symptoms
are evaluated by the LE study nurse. An example of the weekly volume report was supplied last
year (Appendix Item # 4) and will not be duplicated this year.

Task 10. Quarterly data entry and print out by the Psychosocial and Behavioral Core,
Months 3-60.
From the previous annual reports, the Psychosocial and Behavioral Core was
dissolved by the reorganization at the Karmanos Cancer Institute. Data entry was performed at
least weekly by a data manager through 7/7/05. Backup computer discs were made weekly.

Task 11. Interim analysis of data after 1 year, 3 years, Months 14-16, 38-40.

This was accomplished, with the most recent analysis after the 4™ year instead of
the 3" year due to the power outage in the SE Michigan area in August, 2003. We were excused
from this item for the Year III report.

The data tables and figures found in Part 3 of the Body Section after this section on Statement
of Work were performed with the study statistician. The comparisons of various patient
characteristics between the control and intervention arm or between patients with and without
lymphedema were performed using 2-sample t-tests and chi-square tests. A multivariable
logistic regression with a backward variable selection procedure was also utilized to determine
the relationship between lymphedema and various risk factors.
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Body Part2 Research Accomplishments associated with each task in Statement of Work
(continued)

Task 12. Analysis of data after 5" year, Months 61-65.
Not yet applicable. This will be accomplished with a no-cost extension already
approved for months 61-72 instead. Analysis of data for the Annual Report V was

performed. Supporting data are found in Part 3 (below) of the Body section.
Comments/Discussion appear throughout.

Task 13. Annual report to USAMRMC, Months to be designated by USAMRMC.
Completed for each year (I-V). '

Task 14. Meeting in Baltimore, Maryland to disseminate results of DoD-sponsored
Research during the second year, Month to be announced by USAMRMC.
Completed. PI attended September, 2003, Orlando, FL. Poster presentation.

Task 15. Write journal articles. Submit abstract, Months 12-60+ |
Ongoing. Please see Bibliography section (Part 5 of the Body section).
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Part3

Tables and Figures (Supporting Data)

Table 1 Population Characteristics of Study Participants
Intervention Group Control Group Univariate
N 78 85 '
Mean age, yrs + S.D. 54.02+11.67 52.86+13.29 P=0.5559
Race
African American 33.00 35.00 P=1.000
Caucasian 38.00 39.00 For AA
Hispanic 1.00 2.00 Vs Non-AA
Arab/Chaldean 1.00 2.00
Asian 0.00 4.00
Native American 2.00 1.00
Other 3.00 2.00
Employment status P=0.7472
Working 31.00 31.00 For working
Not working 21.00 19.00 vs. other
Retired 14.00 12.00
Not answered 12.00 23.00
| Highest education level P=0.7235
Less than high school 2.00 2.00
Some high school 8.00 6.00 For College
High school/GED 40.00 42.00 Vs.
Bachelor degree 14.00 15.00 Non-college
Masters degree 4.00 8.00
Doctorate/professional school 3.00 1.00
Not answered 7.00 11.00
Annual income P=0.4585
< $5,000 6.00 8.00
$5,000-$15,000 9.00 13.00 For
$15,001-$30,000 9.00 10.00 < $50,000
$30,001-$50,000 8.00 8.00 VS.
$50,001-$75,000 9.00 8.00 > $50,000
> $75,001 17.00 - 15.00
Not answered 20.00 23.00
Marital Status P=0.4139
Divorced/separated 17.00 14.00 For
Married/Cohabitating 38.00 33.00 Married/
Never married 10.00 12.00 Cohabitating
Widowed 9.00 16.00 Vs.
Not answered 4.00 10.00 All others
Transportation P=0.8700
Usually drive myself 50.00 56.00
Usually use public transportation 8.00 2.00 For
Usually driven by someone else 15.00 15.00 Drive myself
Other 0.00 2.00 Vs.
Not answered 5.00 10.00 All others
Religious Preference P=0.5021
Catholic 21.00 18.00
Hindu 0.00 1.00 For
Jewish 2.00 0.00 Christian
Muslim 1.00 1.00 Vs.
Protestant 20.00 20.00 Non-
Other 22.00 30.00 Christian
None 3.00 4.00
Not answered 9.00 11.00
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Table 2

Groups for LE Protection teaching.

Clinical Characteristics of Study Participants in the Intervention and Control

Intervention Group Control Group Univariate
N 78 85
Breast Cancer Stage P=1.000
0 10.00 8.00 For Stage 0,
I 23.00 29.00 vs. Stage
A 19.00 19.00 HHALIBIIAIIB
B 14.00 16.00 '
A 7.00 8.00
B 5.00 5.00
v 0.00 0.00
Type of breast and axillary surgery P=0.3742
Mastectomy + axillary surgery 40.00 51.00
Lumpectomy + axillary surgery 33.00 27.00
Lumpectomy 5.00 7.00
Radiation therapy P=0.2442
Yes 56.00 53.00
No 22.00 32.00
Number of LNs submitted (mean # 8.64+6.03 9.63+6.23 P=0.3058
Sb)
< 8 LNs submitted 40(51%) 40(47%) P=0.6395
> 8 LNs submitted 38(49%) 45(53%)
Number of LNs positive for ca
0 45(58%) 48(56%) P=0.6038
1-3 25(32%) 24(28%)
>4 8(10%) 13(15%)
Body Mass Index (BMI) 29.08+7.12 28.91+7.54 P=0.8882
(mean * SD)
- BMI >25 53(68%) 58(68%) P=1.000
BMI >30 27(35%) 33(39%) P=0.6275
Discussion: Tables I and II show that the population and clinical characteristics of the study

patients for the intervention and control groups show no difference by univariate analysis as
expected. This supports the randomization scheme used in the study. Therefore, any differences
in LE rate, infection, time to LE are due to other reasons.

Year V Report DAMD17-00-1-0495
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Table 3A

Incidence of LE in the intervention and control groups (Specific Aim 1)

Secondary LE (n=95)

Without LE (n=68)

Intervention (n=78)

50 (64%)

28 (36%)

Control group (n=85)

45 (53%)

40 (47%)

P=0.1566

Table 3B

Incidence of LE in the intervention and control groups (Specific Aim 1)

(where ARM LE+ determined by >10% volume increase and confirmed by nurse)

Secondary LE (n=42) Without LE {n=121)
Intervention (n=78) 21 (27%) 57 (73%) P=0.8580
Control group (n=85) 21 (25%) 64 (75%)

Table 4 Infection rate in the intervention and 'control groups, and in those with LE and
without LE (Specific Aim 1)
Infection No infection
Intervention (n=78) 4 (5%) 74 (95%) P=0.7106
Control group (n=85) 3 (4%) 82 (96%)
LE (n=95) 6 (6%) 89 (94%) P=0.2406
No LE (n=68) 1(1%) 67 (99%)
Acute LE Chronic LE
” 40 < > >
[+3]
® 30
o
S 20
o
< 40 4
£
z 0-
3 6 9 12 15 18 21 24 27
months to appearance of LE .

Fig. 1. Determining when secondary LE occurs after breast cancer surgery. Using quarterly prospective upper
extremity measurements after breast cancer surgery, determination of secondary LE was made by comparing volume
changes to preoperative measurements. These were verified by a LE nurse specialist. The months to appearance of
secondary LE are along the x-axis, and number of cases along the y-axis. By definition, acute LE presents and
resolves within 12 months. Chronic LE presents after 12 months, or, if acute LE persists after 12 months, it is then
considered chronic.

Specific Aim 1: What is the incidence of lymphedema and infection during the first three
years after surgery among breast cancer patients who received perioperative training in
lymphedema protection as compared to a control group?

Discussion: From Table 3A, the of LE in the intervention group is not significantly different
from the control group. The initial determination of LE proposed was a greater than 10%
volume increase in the extremity as compared to preoperative baseline volume. Since the study
began, we have identified additional criteria that are used in practice, including a greater than 1
cm increase in circumference at any measurement site as compared to baseline and as compared
to the contralateral extremity. (Published comparison of methods in J Surg Res 2003; please see
Part 4 of Body section and Appendix). Table 3B shows the incidence of LE when the criterion of
Greater than 10% volume increase is used. There is still no difference between the intervention
Group and the control group. From Table 4, the interim infection rate is similar in the
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intervention and the control group. However, there are more subjects with infection in the LE
group than in the group without LE. This still does not become significant (P=0.2406). Figure 1
depicts the time to appearance of LE. The majority occur within the first year after surgery. Most
persist. Only a minority first occur after the first year of surgery. The time to LE was not
different for those in the intervention group or control group. An early paper from this study (J
Surg Res 2001; See Part 4 of Body section and Appendix) discussed the appearance of LE within
the first year after surgery as well as symptoms preceeding measurement changes by 3 months.
The pattern of LE appearance after breast cancer surgery will be presented this Fall, 2005, at the
American College of Surgeons. The plan is to perform subset analysis during the next few
months looking at the influence of race, age, stage, type of surgery, number of lymph nodes
removed and how many positive for cancer, and radiation therapy while examining LE cases as
acute, chronic or acute becoming chronic (persistent).

Funding for two sister grants was obtained (2005) to examine influences on the
development of LE that exclude teaching. These factors are: inherited polymorphisms in genes
that code for lymphatic healing, activities which exacerbate the altered lymphatics
postoperatively, and uncontrolled hypertension. A paper has been submitted examining the
relationship between uncontrolled hypertension and the development of LE (please see Part 4 of
Body section and Appendix).
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Table § Population Characteristics of Breast Cancer Survivors with and without Upper Extremity

Secondary Lymphedema (LE) (Specific Aim 1)

With LE Without LE Univariate
N
Mean age, yrstSD(range) 53.78+11.72 52.91%£13.63 P=0.5559
Race P=1.000
African American 39 29 For AA
Caucasian 43 34 Vs Non-AA
Hispanic 4 0
Arab/Chaldean 3 0
Asian 1 3
Native American 1 2
Other 4 0
Employment status P=0.7448
Working 36 26 For working
Not working 21 19 vs. other
Retired 18 8
Not answered 20 15
| Highest education level P=0.3660
Less than high school 1 7 for
High school/GED 49 33 College
Associate degree Vs.
Bachelor degree 17 12 Non-College
Masters degree 6 6
Doctorate/professional school 2 2
Not answered 10 8 :
Annual income P=0.8515
< $5,000 7 7 for
$5,000-$15,000 12 10 < $50,000
$15,001-$30,000 11 8 Vs.
$30,001-$50,000 10 3 > $50,000
$50,001-$75,000 13 4
> $75,001 18 14
Not answered 24 19
Marital Status P=0.6219
Divorced/separated 19 12 For
Married/Cohabitating 44 27 Married/
Never married 14 8 ' Cohabitating
Widowed 12 13 Vs. others
Not answered 6 8
Transportation P=0.5071
Usually drive myself 60 46 for
Usually use public transportation 8 2 Drive myself
Usually driven by someone else 20 10 Vs.
Other 0 2 All others
Not answered 7 8
Religious Preference P=0.2363
Catholic 25 14 For
Hindu 0 1 Christian
Jewish 0 2 Vs.
Muslim 2 0 Non-
Protestant 26 14 Christian
Other 28 24
None 2 5
Not answered 12 8
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Table 6 Clinical Characteristics of Breast Cancer Survivors with and without Secondary LE

With LE Without LE Univariate
N
Breast Cancer Stage P=0.0162
0 5 13
] 29 23 For Stage 0,1
A 23 15 vs. Stage
B 22 8 HALIIBHIAIIIB
A 9 6
B 7 3
\%
Type of breast and axillary surgery P=0.1571
Mastectomy with axillary surgery 53 38
Lumpectomy with axillary surgery 38 22
Lumpectomy 4 8
Radiation therapy P=1.0000
Yes 63 46
No 32 22
Number of LNs submitted 11.00+5.82 6.57+5.65
{mean * SD)
< 8 LNs submitted 32 (34%) 48 (71%) P<0.000004
> 8 LNs submitted 63 (66%) 20 (29%)
Number of LNs positive for ca
0 47 (49%) 46 (68%) P=0.0526
1-3 35 (37%) 14 (21%)
>4 13 (14%) 8 (12%)
Body Mass Index (BMI) 29.62+7.20 28.13%£7.46 P=0.2048
{mean * SD)
BMI >25 67 (71%) 44 (65%) P=0.4964
BMI >30 36 (38%) 24 (35%) P=0.7453

Discussion: From Tables 5 and 6, univariate analysis of those with LE compared with those
without LE showed that LE was significantly associated with certain clinical characteristics.
These included the number of mean number of lymph nodes resected at surgery especially if >8
lymph nodes were submitted (P<0.000004). Furthermore, while the mean number of lymph
nodes positive for metastatic cancer was associated with increased risk for LE, (p=0.0526). There
~was also increased risk of LE with higher stage of breast cancer (Stage ITA and above vs Stage 0
or I, p=0.0162). There were no population characteristics associated with those with increased

risk of LE.
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Table 7 The LOGISTIC Procedure ~Analysis of Maximum Likelihood Estimates

Model: Lymphedema = Control arm Ln submitted Ln positive Mastectomy Christian

Wald 95% Wald

Parameter Pr > Chisqg 0dds Ratio Confidence Limits
Intercept 0.1202

Control arm 0.0965 0.528 0.249 1.121
Ln submitted (>8) <.0001 5.509 2.474 12.267
Ln positive (>0) 0.0527 2.164 0.991 4.724
Mastectomy (vs. other) 0.2630 0.634 0.285 1.408
Christian 0.0647 2.043 0.957 4.358

Discussion: To investigate whether there are any variables more strongly associated with LE,
multivariate analysis was performed. For multivariate analysis, stepwise logistic regression
using the backward selection method was performed to determine association with LE by
variables in the clinical or population characteristics. LE (yes/no) was dependent, and the other
variables were explanatory variables. From Table 7, the highest correlation with developing LE
was with any lymph nodes positive (p=0.0527) or the number of lymph nodes removed at
surgery (<0.001). Being in the control arm did not correlate with higher LE (or being in the
intervention arm did not correlate with lower risk for LE). In Table 6 and Table 7, the population
and clinical characteristics of subjects with LE are compared with those of subjects without LE.
There were no population differences between those with or without LE. However, an additional
clinical difference was the stage of breast cancer. As expected, those with LE had a higher stage
of breast cancer than those who did not develop LE.

"Year V Report DAMD17-00-1-0495 14 8/31/05




Table 8

Quality of life (QOL) scores comparing the Intervention Group with the Control

Group and those with and without LE (FACT-B, MOS-SF36, CARES marital and

sexuality subscales)(Specific Aim 2)

| Intervention group [ Control group | With LE | Without LE
FACT-B scores (Total)
initial mean(n) 123.49 (69) 105.84 (76) 115.88 (81) 112.16 (64)
6-month mean(n) 124.69 (53) 114.61 (48) 118.49 (67) 122.67 (34)
12-month mean(n) 126.71 (40) 115.70 (49) 118.87 (51) 123.03 (38)
24-month mean(n) 126.87 (19) 134.43 (23) 130.49 (25) 131.78 (17)
36-month mean(n) 98.50 (13) 121.36 (20) 109.15 (21) 117.95 (12)
MOS-SF 36 scores
Physical Scale
initial mean(n) 45.46 (68) 49.49 (68) 46.68 (79) 48.58 (57)
6-month mean(n) 42.08 (52) 28.78 (47) 36.06 (67) 35.15 (32)
12-month mean(n) 46.91 (44) 44.32 (45) 46.31 (53) 44.55 (36)
24-month mean(n) 45.59 (19) 48.54 (22) 48.84 (23) 45.03 (18)
36-month mean(n) 43.62 (14) 46.49 (19) 44.64 (22) 46.53 (11)
Mental Scale
initial mean(n) 49.76 (68) 45.37 (68) 48.70 (79) 46.00 (57)
6-month mean(n) 57.29 (52) 86.16 (47) 63.45 (67) 86.79 (32)
12-month mean(n) 48.48 (44) 52.51 (45) 49.34 (53) 52.24 (36)
24-month mean(n) 51.82 (19) 51.60 (22) 53.12 (23) 49.88 (18)
36-month mean(n) 49.67 (14) 50.14 (19) 49.40 (22) 51.02 (11)
CARES
Sexuality Subscale
initial mean(n) 46.73 (59) 48.93 (58) 47.88 (64) 47.76 (53)
6-month mean(n) 47.54 (46) 47.83 (40) 48.07 (57) 46.90 (29)
12-month mean(n) 48.32 (31) 48.55 (44) 48.61 (43) 48.25 (32)
24-month mean(n) 47.43 (14) 48.47 (19) 47.55 (20) 48.77 (13)
36-month mean(n) 50.00 (10) 49.13 (15) 51.53 (15) 46.40 (10)
Marital Subscale
initial mean(n) 48.46 (59) 51.57 (58) 50.02 (64) 49.98 (53)
6-month mean(n) 49.78 (46) -50.20 (40) 50.60 (57) 48.76 (29)
12-month mean(n) 50.94 (31) 51.00 (44) 51.37 (43) 50.44 (32)
24-month mean(n) 49.36 (14) 51.16 (19) 49.75 (20) 51.39 (13)
36-month mean(n) 53.20 (10) 49.93 (14) 53.50 (14) 48.20 (10)

Specific Aim 2:

What are the differences in the measured QOL among breast cancer

patients during the first three years after surgery that received perioperative education in
lymphedema protection as compared to a control group?

Discussion: Table 8 combines scores for the intervention group and control group as well as
those with LE and those without LE. Although the prospective randomization of participants into
intervention and control groups was as expected, it appears as if baseline QOL scores for Fact B
are not similar. The reason for this is unclear, and was not a criterion for prospective
randomization. Since our collaborator is at another institution, we plan to review these data and
specific subset data for each of the QOL instruments during the no-cost extension. The QOL
scores need to be interpreted as compared to the interval when LE was diagnosed. The
underlying hypothesis is that QOL is worse with LE.

The MOS-SF 36 has comparable scores among the groups, and subscales from the MOS-
SF36 may assist in the understanding of FACT-B scores since they overlap in some domains.
Neither of these instruments is specific for LE, but asks about function and body image.

Not all subjects are willing to answer the CARES questionnaire asking about marital and
sexual relationships. Only those questionnaires where at least 75% of questions were answered
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can be included in an analysis. Our collaborators are also away from their home base and will
need to be contacted during this no-cost extension to clarify these results.

Table 9 Knowledge and compliance questionnaire scores comparing both Intervention
group with or without LE and Control group with or without LE (Specific Aim 3)
Intervention | Control With LE Without LE
group group
Knowledge Questionnaire
initial mean(n) | .4005 (73) .3580 (82) 4439 (77) .3152 (81)
6-month mean(n) | .6859 (59) .6481 (56) 7272 (69) * | .5780 (46)
12-month mean(n) | .7661 (41) .7359 (49) .7729 (50) .7206 (40)
24-month mean(n) | .8265 (20) 7749 (23) .8376 (25) .7451 (18)
36-month mean(n) | .8193 (14) 7171 (21) .8517 (23) .5784 (12)
Compliance Questionnaire
) 6-month mean(n) | 3.25 (53) 3.09 (50) 3.26 (63) 3.04 (40)
12-month mean(n) | 3.06 (42) 3.00 (50) 3.12 (54) 2.89 (38)
24-month mean(n) | 2.96 (19) 3.17 (24) 3.28 (26) 2.77 (17)
36-month mean(n) | 2.95 (15) 3.00 (19) 3.12 (23) 2.69 (11)

* Statistically significant at the overall experiment-wise error level of .05 (p-value=0.0024)

Specific Aim 3) What are the retention of information on lymphedema protection, and the
compliance with arm precautions among breast cancer patients who received perioperative

lymphedema training as compared to a control group?

Discussion: As a review, the knowledge questionnaires were given preoperatively and at 6
months, 12 months, 24 months and 36 months after surgery. There are 17 questions that cover

several categories of protection methods to reduce the risk of LE. They are scored either 0 or 1
and the Total Score is just the proportion marked 1. The compliance questionnaires are given at
the same intervals as the knowledge questionnaires with the exception that no preoperative
compliance questionnaire is given. There are 22 questions with each scored from 0 to 4
depending on the frequency of use of a particular protection method. Total Score is the sum of
these values divided by the number of questions answered.

Although not significant, it appears as if there were more items answered in the
knowledge questionnaire among those in the intervention group as compared to the control group
for each interval. However, when comparing those with LE to those without LE, there were
significantly more items identified as protection measures in those who had LE as compared to
those without LE (p=0.0024). For all intervals, it appears that those with LE score better on the
knowledge questionnaire although it is not significant. There may be improvement in the
knowledge of LE once a patient has the condition.

Surprisingly, the compliance with protective measures is not greater for those in the
intervention group as compared to the control group. In addition to a class with a LE nurse
specialist, the intervention group also had a 6 month booster session. It appears that those with
LE also show better compliance with protection measures as compared to the control group, but
this also is not significant. The collaborator for the Knowledge and Compliance questionnaires
will need to be contacted during the no-cost extension to assist in further analysis. They have
moved from their former position into a new job. ’
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KEY RESEARCH ACCOMPLISHMENTS

¢ A 2001 article was published and presentation made at a national meeting that
documented lymphedema within the first year after breast cancer surgery as well as
symptoms of LE preceeding measurement changes by 3 months (J Surg Res 95:147-
151, 2001). The article was cited by Dr. Armer and a collaboration formed to standardize
the symptom reporting for LE. Two additional presentations at national meetings showed
the patterns of LE occurrence from interim data.

e A 2003 article (Am J Surg., 186:509-513, 2003) was published and presentation
made at a national meeting that compared various methods and standards for
defining LE in the literature. Using the methods in this study as the “gold
standard”, the use of a 5% volume or circumference change had a high positive
predictive value for identifying LE. This method can be taught to surgical practices
so that preoperative measurements can be obtained and postoperative visits can
repeat these measurements to simplify identification of those who should be referred
to a LE expert.

e A 2005 article was submitted and presented at a national meeting that correlated
uncontrolled hypertension with development of LE wusing a prospective
measurement collection method, unlike that previously reported in the literature.
These findings have been incorporated into a funded study where the influence of
blood pressure control on the occurrence of LE is being studied. A manuscript is in
press comparing different standards of reporting LE.

REPORTABLE OUTCOMES

---Manuscripts and presentations
Please see bibliography in Part 4 of Body of this report and Appendix.

---Funding Applied
Komen Foundation Postdoctoral Fellowship Research Award, “Increased Incidence of

Lymphedema in African American and Hispanic Breast Cancer Patients”, submitted 8/03, not
funded.

$261,251 (PI), WSU Research Enhancement Program, “Looking for Answers in Lymphedema
Prevention: Is it what we inherit? Is it what we do? Is it what we treat?”, 5/1/05-4/30/07.

$250,000 (PI), Komen Foundation, “Linking Lymphedema to Disorders of
Lymphangiogenesis”, 5/1/05-4/30/07.

NIH, “Linking Lymphedema to Disorders of Lymphangiogenesis”, submitted 6/04, being
revised. :
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CONCLUSIONS

e Lymphedema was detected in 58.3% of participants who underwent breast cancer
surgery using prospective arm circumference measurements and volume
determinations for the upper extremities.

e The incidence of LE and infection did not differ for those breast cancer patients who
received perioperative training in lymphedema protection as compared to a control
group (Specific Aim 1). The possibilities: the training needs to be re-formatted, or
there are other influences on the development of LE despite knowledge of protection
methods (Specific Aim 3). The latter is the basis of two funded grants emanating
from this project investigating inherited defects in lymphangiogenesis genes, the
effect of activities, and the effect of uncontrolled hypertension.

e A majority of LE cases occurred within the first year after breast cancer surgery
(78.4%). Furthermore, a majority of cases persisted after the first year.

e The quality of life as affected by LE is not measured by FACT-B or MOS-SF 36.
This led to the inclusion of qualitative interviews in a funded grant whereby study

participants are asked about barriers to compliance with LE protection
methods.(Specific Aim 2).

""So What Section"

There has been resurgence in the interest of lymphedema as evidenced by new funding
opportunities for researchers. However, the awareness of lymphedema occurrence, protection,
and treatment by many clinicians that are in contact with breast cancer survivors is not uniform.
As a result of this research project, this group has had the opportunity to present at national
meetings. The latest will be the American College of Surgeons. This is significant because
lymphedema is a consequence of treatment for breast cancer, including surgery of the axilla.
This provides an excellent forum to discuss findings and possibly influence surgical practice.
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APPENDIX

Articles published and submitted included in the appendix:

1. Kosir, M.A., Rymal, C., Koppolu, P., Hryniuk, L., Darga, L., Du, W, Rice, V., Mood, D.,
Shakoor, S., Wang, W., Bedoyan, J., Aref, A., Biernat, L Northouse, L. Surgical Outcomes
after Breast Cancer Surgery: Measuring Acute Lymphedema. J Surg Res 95:147-151, 2001.

2. Bland, K.L., Perczyk, R., Du, W., Rymal, C., Koppolu, P., McCrary, R. Kosir, MA Can
a practicing surgeon detect early lymphedema reliably? Am J Surg., 186:509-513, 2003.

SUPPORTING DATA
Please see Part 3 of Body of this report for Tables and Figures.
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“Background. Studies of lymphedema have used in.
consistent measures and critéria. The purpose of this
pilot study was to mensure the onsst and incidence of
acute lymphedema in breast cancer survivors using
striet eriteria for limb evaluation.

Meterials and Methods, Eligible women were those
mndergoing breast cancer surgery that included axil-
lary staging and/ov radiation thevapy of the breast.
Arm volume, strength, and flexibilify were measiured
preoperatively and guarterly. Lymphedema was de-
fined as a greater than 10% inevease in mb volume,
Additional strength and flexibility astessments were
done at these times.

Results: In $0 evaluable patients, half underwent
modified radical mastectomy and half lumpacmmy,
with half of the lumpectomy patients undergoing ax-
illary node staging. OF the 30 patients 279 were Stage
0; the rest were Stage 1 (279%), T1A 113499, IIB (28%), and
THA (7%}, One subject was HIB postoperatively. There
were 2 womien with a 106 or greater change in limb
velume; the change was detected in one woman at 3
months (5% incidence) and in the gecond woman at ¢
months (11% incidence). Both had uuderg(me mastec-
tomy and axillary dissection a_xtld. one of these two

Presented at'the 240h Annual Symposiion of the Assaciativn of
Vetorany Adminigtestion: Sivgeons Mevting, Seattle, Washington,
April 811, 2000,

€0 whenit edie wrpondenes shiuld be adivessad af VAMO (218
4646 John R, Thebroit, M1 48201 Fux 313~5"£» 102, Eunail:
Mary kosir@modiva,goy.
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affected arm that began at 3 months, Overall, ¢
the sample experienced symptoms by 3 months, which
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women had symptoms of tingling and numbness in the
5% pf

included numbness, aching, and tingling of the entire
upper extremity, but'without volume changes, The ve-

Aationship between undergoing modified radical nisds-
tectomy and expeérviencing syiiptonis in the affectsd
limb wt '3 months was significant (P = 0.05).

Conctusions. In this interim report striet methods of
measurement and limb volume comparisons detected
acute lymphedema at & months in 5% of the sampie,
and at 6 months.in 11% of the sample. Furthermore,
symptoms weore detéected in 35% withoni volume
¢hianges at 3 months pestopsratively, whidh may warh
of lymphedema vecurrence within the next 3 months,
This may asgist clnical evaluation of symptoms in the
postoperative period: and. support early referval to
Iymiphedema experts. © i Avitonis Pross

Key Words: lymphedema; breast canver; surgical
outeonies.

INTRODUCTION

‘Breast cancér is a significant cause of morbidity and
miortality among women inthe United States. I¢ is the
sticond leading cause of career-related death and the
most comionly diagnossd nondermaiologic cancer for
thig grip, In 2000, it is axpected that 182800 women
will ‘be diagnosed with hreast cancer; and 41,200 will
die from the disease {1, While the ineidence of breast
garieer has incivased over the past two decades, the
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mortality rates began to decvease 1.8% per year be
tween 1990 and 1994 {2]. The increasing incidence
rates coupled with declining mortality rates result in
inereasing numbers of breast cancer survivors,
Lynyphedema is a significant concern for breast can-
cer survivors |3, 4], Briefly, lymphedema is the result of
the accumulation of profein-rich fuid in the tissue
after lymphatic channels have been altered [5]. This
aceurs most directly with axillary lymph node dis

tion during breast cancer swrgery 16, Tl The resulting

swelling in the upper extremity is painful and disfig-
uring and may lead o loss of function. Other eontrib-
utors to the development of lymphedemp are radiation
therapy, obesity, and postoperative infection |6-8].
With inereasing numbers of long-term breast cancer
survivors at Hifelong risk for thiy dizovder, it is expecied
that lvmphedema will bea persistent coneern for pa-
tients and clinicians alike. From the analys of kwm al
studies, Petrek and Lerner estimated that 16-25.5% of
breast cancer pafients would develop ly mphgdema in
their lifetime [9]. Studies report a range of 2-24% for
the incidence of lvmphedemn pmbablv due to varying
populations, different lengths of follow-up periods,
varying technigques of surgery and radintion treats
ments, and inconsistent technigues for measuring and
defining Tymphedema [10, 111, Without a standsed for
measaring and defining lymphedema, its true inel-
dence eanmot be aecurately determined, Furthermore,
aciite lymphedemn may ocenr swithin the first year
after surgery and lead to chronic lymphedema. Ther-
apy may assist resolution of atute lymphedems,
thereby avoiding wiers chrovic disability. Therefore,
the purposed-of this pilet study was to determine the
omsst and bcidence of acute Iymphedema in breast
cancer patients using a standardized definition and
methodof detection. The following is an interim report

-af 8 months.

METHODS

Pwm ipants. After approval by the- Human Tnvestigation o
> at Weyne ‘amt,i; Umm %, 34 patlents fFom the Alexsnder sJ
ater of The Kanmanes Caneer ] ;
uzh t*.’![h wmﬁ

newly _«ﬁi:‘igm}
undi}rggn_ masts

Lrlutw& mxilm‘
ot mzﬂulxw tn

aerhimd] As

"lroqmt'm!v in bm’m
ganger, %mdmz!lﬁ 131 The mean FACTB seove for the participants
was 1188 153, and swill bedallpesd longitidingliv:
Meassrenuoits.  Predperative widght and reaiorements of bilnt
eral wrmgircumifersnces were sbiained: The volume ol g series of
frirstiimne 98 eonsidered o ovist sefurate estimale of mom olimeé

mmndf BOL V?mi
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BT o+ 12.0 years. There were 53%
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FIG. 1. Vihane ot 8 frogtum where f = hiight, O = ehumiee
ence of the topf the fostum, Ch = dreamference of the bottom of
the frusiom Velime = & (000 O GO+ ClChDAIE - 51,

Fig. 1A fristam §s & bruneated eone with mmliv “upex” and base
{14, 151 iucumfe sptial messirenienis weer made of both upper
=stirling b the hand, The valumes for
each frushim Nxﬂm(intw of the gpper extromity’ were sinmed o
ol the fotal Hady volume: Quinterty Hmb vobumes wers eompared
1o the meopsrative i o] viduine, Thi pérccntage of volumw
ehampe war detormined as fellows: percentage change in Tmb vols
wifie = Dgurrent volione — préopovoluisSoenp volumm) = 100, 1f
welght chay or more from the previoos quarter,
vepent efvcamferential gasurements were nuitle of both upper
bz snfl volume was revalenlated for o new baseline volume. For
:Em xlmiv e delinition of ¥ mphwlmm was g 10% gy gEsaior link
rompaved o preeperative Hmb velume (6] Evala-
fomv ton, skin choniges, sondition of ndils, grip steongth,
and bilateral shoulder rangs of motion was made, us well as subjee-
Live gensutions, g, figdhtoes ,x:mm op phresihesia.
Btotistical wnolesis, e

ported ont partic xpam charaereriz .
parisen ging Fishars Banct test ssepssed the relationship between
mptoms and measured varinbles. A P value of Q.05 oy
lodz was considered dgnificant and sl 26ts wire oneiided.

RESULTS

Choracteristivs of partivipants.  Of 34 women en-

rolled in the study, there were 80 evaluable, afler 4

were removedfrom the study (3 could not devote time

1o the study, 1 did not underge axillary staging or

radiation therapy after lumpectomy). The mean age of
C‘ﬂumﬂlau 5%
lispanic, and 3% Native Ammw

African American, 8%

-wam patients (Table 1). Sixty percent were married,

% divoreed or widowed, and 10% single. A m{gamty
(535‘}«1 were high scheol gradustes with 22% having
college degrees. The median income was $30,001-
$30,000.

Half (15) underwent mastectomy with axillary dis-
section, and 15 underwent lumpectomy with postoper-
ative radiation t}mmpy {Table 2). Axillary staging was
7715 (47%) of lumpectomy patients, Two
ad sentinel node biopsies with axilla nmuﬁmg The
8 patients with lumpectony for ductal carcinoma
w did not undergo axillary surgery, Twelve par:

-:t_;ljci}")cmt; 127%1 had DCEIS {Stage 0) and the rest 122

participants) had invasive }31-&%% cancer (Table 3.
Thers were 8 patients with Stage 1, 11 witly Stage 11,
and 2 with Stage TIIA. One patient was restaged from
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TABLE 1 TABLE 3

Demographic Data on Study Participants from the
Walt Breast Center, Karmanos Caneer Institute

Charadteristie Froguenuy (5

Age tyears) in = 303

3(-38 5120
4145 B2
3008 fiam
BO-6Y 4113
0-78 205
¥ and alave 1133

A Raee tn = 309

Afrvican American 1033
Caversian 15 (53]
Hisparic 13
Native American 108}
Nob nnawisieil 2T
B. Marital Siatus tn = 303
Marrisd & IB0Y
Divarced 3 {101
Widowad & am
Nt -wrarviet 3
Beluention thighest level)(s = 27)
High school diploma 17 63y
Bactiglers degrec 4415)
Masters degres 27
Not answsved 44153
€. Emplosment Statas tr = 27)
Emploved 18456}
Net-employed G2y
Retived 822
D. Annnal Income (1= 27)
Léss than 5,000 esr 4{15)
$5,000=$15,0004veny 1043
£15.001-830,00040ar 6122y
$30,001-550.000/vanr 114y
£50.001-$75, fi()lf)/w"r Fi11y
Greater tha $75,000venr 7 {283
Not answersd 4118

stage IHA to 1B .after surgery, Theie were né postop-
erdtive infections in these patients. One  developed
¢hest wall recinseiics at 6 mionths,

Volumetric changes. Initial limb volumes on the
affected side mnqed from 1407 to 3660 cc, with-a mean
of 2171 ce {2597 ce). Limb volumes were directly pro-

portional to body mass index, With continnous acerual

TABLE 2
Definitive Breast Cancer Surgery Stage I, T1, TITA
{n = 30)
Fpe of Surgery Frequency (%)
Madified radies] mastertoiy 15 {50
Lunpectomy + plarined radiation therapy 15450
With atillary staging, ¥
Without axillary staging (DCTS) &

Breast Cmm@r-gtage in Surgical Partieipants

Stage (w = 8 Fragueney (43

i RFP

I B U7 .
1A 41131

B F 123

THA 2653

i30:0 143

* Changed feom [T o TR alter zargery.

ol participants, the cimpliance with S-month (ellow-up
was 87% (207231, and 78% for the 6 month follow-up
(9/12),

Two pa‘:’ticipa{iis develaped lymphedema, as deter-
mined by ¢ Se dr greatér velome inerease, One
whman Itm_d 13.53% chatige in volume of the affedtsd
limb at 3 months (5% ineldente). She had undergone
hompectomy with axillary disséction, followed by mas-
tectomy to achieve negative marging. She had Stage
1B disease with three lymph-nnﬁes positivé for cancer,
and had begun chemotherapy within a month of sur-
gery. Her grip strength, shoulder extermal rotation,
ind arm extension were squal bilatérally, and she ex-
perienced ilo symptoms:. The second woman experi-
enced a 9.9% vohime inerease at 6 months (11% inei-
dence). She had Btage J1IB disease (véstaged from THIA

preoperatively), and had unideroone 4 modified radlival

mastectomy with five lymph nodes positive for edander.
At 6 months, cheit wall metastases were noted, with
limb niinbness, Burning, and itehing, and decrensed
grip strength. She'had been symptomatic at 3 manths
with numbness and pain, Hut without limb volume
change at that time. She had started chemotherapy

within-a menth of surgery,

Beven women (35% mmdemce) described symptoms
at 3 months withont volumetric changes in the affected

Limb, including pain, numbness, dull ache, sharp.pain,

pins and needles sensation, and throbbing. Two pa-
tients experienced decr cased grip strcngth and one

showed reduced external rotation and arm extension,
Bignificantly, only those who underwent a modified

radical mastectomy experienced symptoms, while

‘those who wnderwent lumpectomy twith er without
axillary dissection) e*(permnced none (P o=

= 3,05) (Ta-
ble 4). Three of nine par ticipants who veached 6

‘months follow-up were symptomatic, and one ha{i vohz—

metric changes (Table 4},
DISCUSSION
Even though the standards for measuring and defin-

ing lymphedema are not agreed upon, surgical out-
comes are being reportad. Petrek and Lerner noted
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TABLE 4

Relationship between Limb Symptoms and Type
of Surgery (Exchiding Volumetrie Changes)

Type ol surgery

Mastectormy L mpecmm\
and LN ful Fid

AL 3 moniths
Svmptomabis (n = T} 7 i
Asyriptomatic {n = 183 5 E2S

At § months
Symptomadic (i = ¥ 3 2
Asvmptomatic tn = 81 2 !
s .05 by Fishar's Bxaet Tost,

* One subject b lyoiphedems by 135
other sympioms.

* Dae siliject had lymphedoemsa by 106 volums elvinge antlzemp-
toms,

o vohime Shange witheut

that a reduction in lymphedenia did not vesult from the
ase of breast conserving surgery, although previously,
the incidence declined when the modified radical mas-
tectomy replaced the radical mastectomy as the stan.
dard procedure for breast cancer [10]. A vecent study
reported that 18% of those undergoing breast conser-
vation surgery developed Eymphedem*i within 4 years
of treatment [17]). Another reported 3.5% incidence of
hand swelling in Stage 1 and TI patients after axillary
node chsset:tmn [18]. Earlier breast eancer dretemon
may further limit axillary surgery and result in a re-
duced incidence of iymphedema {181,

The status of axillary lymph nodes in breast eancer
is still the basis for treatment deeisions [20, 21]. Barly
detection and treatment have led 1o the newer ap-
proaches to lymph node assessment, axillary sampling,
and sentine! node biopsy. Tn a comparison between
axillary sampling and axillary clearance{dissection),
the incidence of persistent arm swelling over 4-7.5
years after mastectomy was 20.4% for the node sam:
phng graup and 209 for the node clearance growp 192,

23]. However, in the axillary sampling group, if lympl
m;sc’ies were involved with cancer, and subsequent ra-
diation thetapy tothe axilla was used, the incidence of
lymphedema was 32%, compared t6 7.7% for thuse
without vadiation’ thérapy to the axilla. Seitinel node
biopdy dusesses the first Tymph nadels) draining the
breast eativer, The aveuracy of axillary evaludtion by
sentine]l podels) corresponds to that of eviiluatibn by
axillary dissettion in dinieal trails. But igsaes of the
skill Tevel of the sirgebinand dramage 16 areagoutgide
the axilla are subjects of ongoing studies [24, 25], The
irmpact of sentinel node biopsy on the incidenee of
lymphedeimna has not been reported.

By definition, deute lyniphedema oceurs andresolves
within the vear following Surgery and/or radiation, rep-

tesenting successful adaptation to altersd andtorny.
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Chronie 'lvmphedenm ean oceur at-any time after treat-
ment and is irreversible. Therefore, it is important to
deteet aud treat edema of the extremity to resolve
acute lymphedema. In this pilol study and interim
report, symptoms suggestive of lvimphedema were de-
tected in 35% of the sample at 3 months. However, enly
one subject lad a change in Hmb-volume of 18.5% for
an incidence of 5% at 3 manths. Another asymptomatic
subijoct hnd a change of b volume of 8.9%. It will be
determined i 4k limb will further-dncredse in volunie
during the next gquarter. In the nine participants who
were alse evaluable ot 6 honths. dne was symptematic
and with a volume change of 9.8%. 8he had some
milder symptorts without volumetric changes at 3
months. Two other patients experienced symptoms for
the first time at 6 months, but without volumetrie
changes. 8o, at 6 months, 3/9 women (339%) were symp-
tomatic with lymphedema in one (11%),

BRoutine sereening for lymphedema within the fivst
3~6 months postoperatively may reveal symptoms that
prediet future limb volume changes in breast cancer
survivors. These symploms may be associated with
newropathy, and set Tymphedema 11 some cases, Like-
wise, volumetric changes that are slight may vesolve.
This information has not been previeusly available,
#nd shonld prove helpful to cdinicians who must inter-
pret symptoms and decide on refervals to lymphedema
specialists. In addition, the jmpact of other variables,
i.e., nodal status, type of surgery, antd other disease
featires, on the risk for acufe lymphédema {and
ghronic lymphedema) still requires. analysis.

Left untreated, chronic lymphedema is a progredsive
disorder char actem?ed by ¢hronic inflammation, swell-
ing, fihrosis, ‘and ingreased risk for cellnlitis [6]. Phys-
el s:’h‘;trem oceurs with pam, impaired function of the
extremity, and diffienlty fitting the bulky limb into
clothes. {“’6 27). Limitations in shoulder range of mo-
tion.and e¥ip strength have been documented [27, 28],
even in cases of veduced axillary suvgery 22, ’231‘ Psy-
ehosocial morbidity isalso significant and includes al-
tered body image, feelings of abandonment by medi-
cine, dnd the burden of clironic therapy [8, 29]. This
argues for early detection and prompt referril to
Iymphedeman therapy.

In summary, this pilot study of brédst cancer survi-
vors detected acute lymphedema by striet volumetric
criteria ‘in 2/30 patients, one at 3 ‘months (5% inci-
dence) and another at 6 months (11% incidence’ post-
operatively. In addition, 35% experienced syrmptoms
suggestive of lymphedema at 3 months, with one de:
vel()pnw & 10% volume r:hanfre in the aﬁw‘fed Hmb
hin the next 3 months. Thsz time ‘to detect early
¢ hanges leading to Evmphedem-z may be in the first 8-6
months afters surgery. Rootine evaluation of symptoms
provides the opportunity for referral to lymphedema
expierts for treatient, which can ‘minimize chronic
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changes. The development of postoperative sereening
protocals are recommended for early detection of
lymphedema. This pilot study supports the perfor-
mance of 2 larger study with longer follow-up, utilizing
strict measurements aud criteria for postoperative
lymphedama,.
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Abstract

Background: Lymphedema may be identified by simpler circumference changes as compared with changes in limb volume.

Methods: Ninety breast cancer patients were prospectively enrolled in an academic trial, and seven upper extremity circumferences were
measured quarterly for 3 years. A 10% volume increase or greater than 1 cm increase in arm circumference identified lymphedema with
verification by a lymphedema specialist. Sensitivity and specificity of several different criteria for detecting lymphedema were compared
using the academic trial as the standard.

Results: Thirty-nine cases of lymphedema were identified by the academic trial. Usmg a 10% increase in circumference at two sites as the
criterion, half the lymphedema cases were detected (sensitivity 37%). When using a 10% increase in circumference at any site, 74.4% of
cases were detected (sensitivity 49%). Detection by a 5% increase in circumference at any site was 91% sensitive.

Conclusions: An increase of 5% in circumference measurements identified the most potential lymphedema cases compared with an

academic trial. © 2003 Excerpta Medica, Inc. All rights reserved.

Keywords: Lymphedema; Measurements; Circumference

Halsted described lymphedema of the upper extremity after
treatment of breast cancer by mastectomy in the early 1920s
{1]. It continues to be of significant lifelong concern even
with modern treatment of breast cancer. The incidence of
lymphedema has been reported from 6% to 30% [2]. Early
and reliable diagnosis continues to be challenging because
multiple methods of detection are reported that are difficult
to compare. The delay in identification of lymphedema
contributes to the negative psychosocial impact already im-
posed by the potential physical limitations, discomfort, and
disfigurement that result from the condition.

There are various methods reported for the detection of
lymphedema including water displacement measurement of
arm volume, tissue tonometry, and radiographic means such

* Corresponding author. Tel.: +1-313-576-3970; fax: +1-313-576-
1002.

E-mail address: mary kosir@med.va.gov

as magnetic resonance imaging (MRI) and computed to-
mography (CT). However, more commonly, circumferential
measurements are used to detect lymphedema. As of yet,
however, there are no well-established guidelines for diag-
nosis of lymphedema using circumferential measurements
and no consensus on what measurement change constitutes
lymphedema [3]. In a review of the literature by Petrek and
Heelan [2], the definition of lymphedema ranged from
greater than 2 cm change to greater than 10 cm change.
There are reports citing that a greater than 2 cm difference
from baseline (preoperative) measurements identifies
lymphedema [4,5]. Generally, two or more circumferential
measurements are taken along the arm, including at bony
landmarks, to evaluate for lymphedema [5,6].

In a prospective trial from the American College of
Surgeons Oncology Group (ACOSOG) [7], lymphedema is
described as a 2 cm or greater increase over the baseline
measurement or greater than 10% increase in circumference

0002-9610/03/8 — see front matter © 2003 Excerpta Medica, Inc. All rights reserved.
doi:10.1016/j.amjsurg.2003.07.003
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of the ipsilateral arm. In addition, for the purpose of the
ACOSOG protocol, participating members are instructed to
take the measurements 10 cm proximal and distal to the
lateral epicondyle. :

In order to verify and compare various circumference
change criteria for lymphedema detection, a group of
lymphedema cases were identified by volumetric determi-
nations prospectively collected on breast cancer patients in
an academic trial that included examination by a lymphed-
ema specialist. A 10% increase in limb volume was ac-
cepted as lymphedema [8,9]. In addition, any change in
circumference greater than 1 cm led to examination and
measurement by a lymphedema specialist, identifying addi-
tional lymphedema cases. Then measurements in the
lymphedema cases identified in the academic trial were
compared with other definitions of lymphedema that used
fewer sites for detection, and various changes in circumfer-
ence in order to determine specificity and sensitivity of
lymphedema detection.

Methods

After approval by the Human Investigation Committee at
Wayne State University and human subjects subcommittee
of the DoD (DAMD 17-00-1-0495), patients from the Al-
exander J. Walt Comprehensive Breast Center at Karmanos
Cancer Institute were enrolled prior to surgery, and after
signing the approved study consent form. Participants were
18 years old or older, male or female, with newly diagnosed,
resectable breast cancer. Eligible subjects were scheduled to
undergo mastectomy or lumpectomy with lymph node sam-
pling, dissection, or sentinel node biopsy, or breast conser-
vation therapy followed by radiation therapy. Exclusion
criteria included previous axillary surgery or radiation,
planned mastectomy without axillary surgery or radiation
therapy, inability to provide consent, or no plans to follow
up at any of the Karmanos facilities after surgery. Demo-
graphic information was collected by questionnaire, which
included ethnicity, education level, and income. The type of
surgery, breast cancer stage, occurrence of chemotherapy
and radiation therapy was recorded during the study.

From June 1999 through December 2002, 107 subjects
were enrolled and evaluated for lymphedema after surgical
treatment of breast cancer. Of 107 subjects, 90 subjects
were evaluable. The reasons for nonevaluable subjects were
as follows: subjects did not want to continue in the study
(10), did not meet study entry criteria upon review (5), or
did not undergo axillary surgery or radiation therapy as
planned (2). Measuremnients were taken preoperatively of
bilateral arms. The circumferential measurements were
taken across the palm of the hand, at the wrist, and at 10 cm
intervals proximal to the wrist, and at the elbow. The vol-
ume was then calculated based on the total volume of a
series of frusta. A frustum, a cone with the top cut off so the
upper surface is parallel to the base, is felt to be a more

accurate representation of the upper extremity [7,8,10,11].
Measurements and volume calculations were taken quar-
terly for up to 3 years. Quarterly limb volumes were com-
pared with preoperative values on the ipsilateral side. In the
event that a patient had a change in weight of 10 pounds or
greater (gain or loss), then measurements were repeated and
volumes calculated creating a new baseline. Percent change
from preoperative volumes were calculated quarterly using
the following equation: volume % change = (current vol-
ume — preoperative volume/preoperative volume) X 100
[9]. A 10% increase in volume as compared with preoper-
ative measures was considered to be lymphedema after
verification by a lymphedema specialist. In addition, anyone
with a circumference measurement increase of greater than
1 cm was also referred to the lymphedema specialist for
additional measurements and examination. Not all of these
were judged to have lymphedema, but this route identified
some additional cases (38.5%).

For comparison, the criterion of a 10% change and 5%
change in circumferential measurement was applied to the
sites proximal and distal to the elbow. This was done to
evaluate the effectiveness of the two-site method to diag-
nose lymphedema as compared with the sites measured for
the academic trial. Then 10% change and a 5% change in
circumference at any of the measured sites along the limb
were calculated. Additionally, measures greater than 2 cm
were also identified. The lymphedema specialist evaluated
all potential cases of lymphedema identified by these com-
parison methods in order to determine true positive and true
negative cases. The time of diagnosis of lymphedema was
determined as months after the date of surgery. The sensi-
tivity and specificity of each of the methods using circum-
ference changes were determined in comparison to the
lymphedema cases confirmed in the academic trial. The
timing of the diagnosis of lymphedema was one of the
factors used in determining sensitivity and specificity. If the
differences in the timing of diagnosis were within 3 months,
they were coded as an agreement. SAS version 8.2 was used
for all statistical analyses.

Results

The patients eligible for inclusion in the study were
African-American (30%), Caucasian (51.1%), Hispanic
(3.3%), Arab/Chaldean (2.2%), Asian (2.2%), Native Amer-
ican (3.3%), and other (6.7%; Table 1). One subject did not
indicate race (1.1%). Overall, the average age of the patients
enrolled was 53.7 years, and all were women, although men
were eligible to enroll as well. The evaluable subjects had
breast cancer stages from 0 through IV. Forty-five of the
patients (50%) had mastectomy with axillary surgery, 38
(42.2%) had lumpectomy with axillary surgery, and the
remaining 7 (7.8%) had lumpectomy with radiation therapy.
In addition, half of the patients had radiation therapy.

The patients were followed up in the trial for a mean of
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Table 2
Lymphedema detection in academic trial by type of surgery*

Table 1
Patient characteristics
With Without
lymphedema lymphedema
Number 38* 52
Mean age (yrs * SD) 54.8 £ 134 54.4 + 103
Race
African American 14 13
Caucasian 16 30
Hispanic 3 0
Arab/Chaldean 1 1
Asian 0 2
Native American 0 3
Other 4 2
Unknown 0 1
Breast cancer stage
0 3 6
1 7 17
ITA 11 11
IIB 5 14
1A 8 1
II1B 3 2
v 1 1
Chemotherapy 16 15
Radiation therapy 16 27
Employment status :
Working 15 28
Not working 10 7
Retired 10 8
Not answered 3 9
Highest education level
Less than high school 4 1
High School/GED 21 28
Associate degree 0 0
Bachelor degree 8 9
Masters degree 1 4
Doctorate/professional school 1 1
Not available 3 9
Annual income
<$5,000 3 4
$5,001-$15,000 6 4
$15,001-$30,000 5 5
$30,001-%50,000 3 2
$50,001-$75,000 3 8
>$75,000 10 13
Not available 8 16

* One patient had bilateral disease.

13 * 7.9 months (range 3 to 36), with enrollment occurring
throughout. Thirty-eight (38) patients (with 39 limbs af-
fected) of the 90 evaluable patients (42.2%) were found to
have lymphedema based on the academic trial standards of
10% increase in baseline volume or greater than 1 cm
change at 1 of the 7 measured sites with verification by the
lymphedema expert. One patient had bilateral disease. The
mean age of patients with lymphedema was 54.8 years.
Thirty-two of the 39 diagnoses (82.1%) of lymphedema
were made within the first year (acute lymphedema). Most
persisted past 1 year (86.7%). The average time until diag-
nosis of lymphedema was 7.6 months and ranged from 3 to
28 months (Table 2). There was no difference in incidence
of lymphedema based upon type of surgical procedure.

Type of breast cancer surgery

Mastectomy Lumpectomy Lumpectomy All

with axillary with axillary and RT (n = 90)
surgery surgery and  (n = 7)
(n = 45) RT (n = 38)
With 19 18 2 391
lymphedema
Acute LE} 13 18 2 33
Mean timeto 8 £ 6 76 6.5+ 07 7.6*58
LE
diagnosis
(months)

* Academic trial LE criteria: 10% or greater volume change or 1 ¢m or
greater circumference change at any site, all verified by LE specialist.

T Acute LE was lymphedema diagnosed within the first year after sur-
gery.

1 One patient had bilateral disease.

RT = radiation therapy; LE = lymphedema.

There were not enough cases of sentinel lymph node biopsy
(ISLNB] 13) to compare these lymphedema criteria at this
time. However, 5 of 13 were diagnosed with lymphedema in
the academic trial after SNLB.

Based on one of the ACOSOG criteria for diagnosis of
lymphedema, 10% change in circumference for measure-
ments 10 cm above and below the elbow, 20 patients (37%
sensitivity, 92% specificity) were identified. The average
interval until diagnosis was 11.7 months (Table 3). When a
10% change in circumference was applied to any of the
measurements along the limb, 29 patients (49% sensitivity,
81% specificity) were identified. The average interval until
diagnosis was 10.7 months (Table 4).

Determining a greater than 2 c¢m change in circumfer-
ence above and below the elbow identified 28 cases (59%
sensitivity, 85% specificity) which overlapped with the
cases identified by 10% circumference increase in the same
sites (Table 5). Diagnosis of lymphedema occurred at 9.3
months on average. When all measured sites were examined
for a greater than 2 cm change, then 32 cases were identified
(70% sensitivity, 76% specificity; Table 5). The diagnosis
occurred at 8.6 months on average.

In order to increase sensitivity, 5% changes in circum-

Table 3
Comparison of LE detection with the academic trial using 10% and 5%
circumference change above and below the elbow

10% change around 5% change around

elbow elbow
Potential LE cases 18 45
Mean time to LE 11.7 £ 6.3 83+ 59
diagnosis (months)
Sensitivity 37% 80%
Specificity 92% 1%

LE = lymphedema.




512 K.L. Bland et al. / The American Journal of Surgery 186 (2003) 509-513

Table 4
Comparison with the academic trial of LE detection using 10% and 5%
circumference change at any site

10% change 5% change

at any site at any site
Potential LE cases 28 62*
Mean time to LE 10.7 £ 6.1 7%5
diagnosis (months)
Sensitivity 49% 91%
Specificity 81% 46%

* One patient had bilateral surgeries and was positive bilaterally.
LE = lymphedema.

ference were determined around the elbow (Table 3), and at
all measured sites (Table 4). With a 5% circumference
change around the elbow, there were 36 cases identified at

a mean of 83 months (80% sensitivity, 71% specificity;

Table 3). However, when 5% circumference change was
determined for any measured site, then all 39 lymphedema
cases from the academic trial were identified at 7.5 months
(91% sensitivity, 46% specificity; Table 5).

Comments

Most patients do not have lymphedema after surgery or
radiation therapy. However, for the approximately 30% of
postsurgical/postradiation patients in whom the condition
develops, it can be life altering and affect their quality of
life. Interestingly, it can start within the first year after
surgery. Some cases resolve within that year, others persist.
Still others occur at some interval after the first year. There
are several treatment modalities available for therapy. How-
ever, a delay in diagnosis delays therapy. Earlier treatment
can prevent acute lymphedema from becoming more ad-
vanced and chronic, even if it does not resolve after 1 year.
When it is left untreated, chronic lymphedema can progress
to chronic inflammation, fibrosis, swelling, and increased
risk of cellulitis [12]. Therefore, early identification of po-
tential lymphedema remains a goal for surgical practices.

Table 5
Comparison with the academic trial of LE detection using >2 cm

circumference change at any site and specifically above and below the
elbow

>2 cm around >2 cm at
the elbow any site
Potential LE cases 30 39
Mean time to LE 93 %62 8659
diagnosis (months)
Sensitivity 59% 70%
Specificity 85% 76%

* One patient had bilateral discase.
LE = lymphedema.

The diagnosis is more complex in patients who experi-
ence a feeling of heaviness, swelling, or pain, in the absence
of corroborating volume or circumferential changes. These
patients may be considered to have lymphedema by subjec-
tive complaints and require evaluation a by lymphedema
specialist as well [13]. The subjective complaints often
times precede the ability to clinically document lymphed-
ema [9]. The physical changes that accompany the condition
create difficulty with tasks associated with jobs, households,
and even personal care, especially in severe cases [14]. The
psychological impact can be tremendous resulting in sexual
dysfunction, depression, and feelings of isolation.

Modern day surgical practices in breast surgery are
aimed at reducing post surgical and treatment morbidity.
With the advent of SNLB, it has been reported that arm
swelling and subjective complaints are decreased in com-
parison with traditional axillary lymph node dissection
(ALND) [15-17]. Sener et al [17] reported 6.9% incidence
of lymphedema in patients undergoing SLNB followed by
obligatory ALND. The incidence of lymphedema decreased
to 3% with SNLB alone (lymphedema was characterized by
a minimum 20% volume change in that particular study).
Although the data are promising, the number of lymphed-
ema cases was falsely low due to the determination of a
greater than 20% circumference increase at sites 10 cm
above and below the elbow. This is predicted to increase the
false negative rate for lymphedema detection. Therefore,
future studies examining the occurrence of lymphedema in
cases with SLNB require standardized criteria for identify-
ing potential cases. '

Although there are generally accepted criteria to diag-
nose lymphedema, there are no universally applied methods
to diagnose potential lymphedema, thereby complicating
interpretation of literature. This also has serious implica-
tions for surgical practice in making a presumptive diagno-
sis and referral to a lymphedema specialist. While a
lymphedema specialist may apply multiple complex mea-
surements and other clinical evaluations in arriving at the
confirmation of lymphedema, surgeons may need simpler
screening criteria that would reliably detect lymphedema in
order to refer for consultation. For example, some authors
have used or referred to a method of two measurements (one
above and one below the elbow) with a 2 ¢m increase in
circumference for diagnosis of lymphedema [2,4,15,18],
When data from the subjects in this study was evaluated by
this criterion, we found that 28 of the 39 (71.8%) cases
diagnosed with lymphedema would also have been diag-
nosed by this method (Table 5). When the 2 cm increase
was applied to any site, the true positive diagnosis rate was
82.1%, missing 17.9% of the cases.

When ACOSOG criteria for lymphedema were applied
to the measurement data (10% increase in circumference
around elbow), 48.7% of the documented lymphedema
cases would have been missed as compared with evaluating
sites along the arm (Table 3). Ten cases (25.6%) would have
been missed based on the ACOSOG criteria of 10% cir-




K.L. Bland et al. / The American Journal of Surgery 186 (2003) 509-513 513

cumferential change if applied to any site. In addition, the
academic trial identified patients with lymphedema 3
months earlier on average in comparison to ACOSOG cri-
teria. It should be noted, however, that if the ACOSOG
criteria of 10% change over baseline measurement was
lowered to 5%, all of the patients identified by the academic
trial would have been positively diagnosed with lymphed-
ema by that standard (Tables 3 and 4). On average, patients
would have been diagnosed 3.7 months earlier if this crite-
rion were utilized instead of 10% and 0.6 month earlier than
using a 10% volume change.

In addition, we used a greater than 1 ¢m change in circum-
ference at any site as a trigger for referral to the lymphedema
specialist who would further evaluate for lymphedema
[3,19,20]. Thirty-seven of 39 lymphedema cases had a greater
than 1 cm change. We feel that this is a reliable indicator of
lymphedema. However, although the sensitivity was 76% for
this approach, the specificity was only 39%. This may lead to
a greater number of referrals to the lymphedema specialist than
would have the diagnosis. With confirmation of the diagnosis,
lymphedema therapy could begin.

In conclusion, methods of lymphedema diagnosis that
are readily available, inexpensive, quantifiable, and easily
reproduced are ideal for evaluation of patient in a surgical
practice [6]. The academic trial utilizing frequent measure-
ments and volumetric determinations identified lymphed-
ema in 43.3% of the total patients evaluated, which is higher
than the general incidence of lymphedema reported in the
literature [2]. The methodology is also more complex than
would be practical in a surgical practice. However, simpler
determination of circumference change at multiple sites
along the affected limb may identify potential cases for
referral, leading to earlier treatment and lessen the psycho-
social and physical impact. By using a 5%, rather than 10%
change in circumference or using a greater than 1 cm
change in measurement at sites along the length of the arm,
reliable detection of probable lymphedema in a clinical
setting can be accomplished without complicated volume
determination. The later can be utilized by lymphedema
specialists along with other complex evaluations.
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